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1
METHOD OF FABRICATING AN AIR GAP

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to method of forming an air
gap within inter-metal dielectric layers, and more particu-
larity to a method including adjusting the etching time of an
inter-metal dielectric layers based on the thickness of the
inter-metal dielectric layers.

2. Description of the Prior Art

As the size of semiconductor devices continues to
decrease in order to improve the degree of integration, a
resistor-capacitor (RC) delay related to wires of a circuit
becomes a limiting factor affecting the speed of semicon-
ductor devices.

Therefore, it becomes increasingly important to imple-
ment low dielectric constant (k) schemes between tightly
spaced metal lines. Reducing the capacitance between the
interconnect metal lines on an integrated circuit chip will
enhance the speed of the device and reduce extraneous
signal energy (cross-talk) from traversing from one metal
line to another.

SUMMARY OF THE INVENTION

In light of above, the present invention provides a method
of fabricating an air gap within the inter-metal dielectric
layer to reduce the dielectric constant.

According to a preferred embodiment of the present
invention, a method of fabricating an air gap includes
providing a substrate, wherein a semiconductor device is
disposed on the substrate, a stress layer contacts the semi-
conductor device, an inter-layer dielectric layer is disposed
on and contacts the stress layer, an etching stop layer is
disposed on the and contacts the inter-layer dielectric layer,
an inter-metal dielectric layer is disposed on and contacts the
etching stop layer, a first metal interconnection and a second
metal interconnection are respectively disposed within the
inter-metal dielectric layer at two sides of the semiconductor
device. Next, a first etching is performed to etch the inter-
metal dielectric layer and the etching stop layer between the
first metal interconnection and the second metal intercon-
nection and directly on the semiconductor device. Then, a
second etching is performed to etch the inter-layer dielectric
layer without etching the stress layer to form a trench within
the inter-metal dielectric layer, the etching stop layer and the
inter-layer dielectric layer. Finally, an insulating layer is
formed to seal the trench to form the air gap.

According to another preferred embodiment of the present
invention, a method of fabricating an air gap includes
receiving a first thickness information of an inter-metal
dielectric layer formed on a substrate and receiving a second
thickness information of an inter-layer dielectric layer
formed on the substrate. Then, a first etching is performed,
wherein the first etching includes etch the inter-metal dielec-
tric layer based on a first etching control value correspond-
ing to the first thickness information. After the first etching,
a second etching is performed to etch the inter-layer dielec-
tric layer based on a second etching control value corre-
sponding to the second thickness information.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
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2

after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 to FIG. 5 depict a method of fabricating an air gap
according to a preferred embodiment of the present inven-
tion, wherein:

FIG. 1 depicts a substrate with a semiconductor device
and several dielectric layers;

FIG. 2 depicts a fabricating stage following FIG. 1;

FIG. 3 depicts a fabricating stage following FIG. 2;

FIG. 4 depicts a fabricating stage following FIG. 3; and

FIG. 5 depicts a fabricating stage following FIG. 4.

FIG. 6 depicts an air gap formed between metal intercon-
nections.

FIG. 7 depicts a center portion and an edge portion on a
blanket wafer.

FIG. 8 depicts a center portion and an edge portion on a
substrate.

DETAILED DESCRIPTION

FIG. 1 to FIG. 5 depict a method of fabricating an air gap
according to a preferred embodiment of the present inven-
tion. FIG. 7 depicts a center portion and an edge portion on
a blanket wafer. FIG. 8 depicts a center portion and an edge
portion on a substrate. Elements in FIG. 7 and FIG. 8 which
substantially the same as the elements in FIGS. 1 to 5 are
denoted by the same reference numerals; an accompanying
explanation is therefore omitted.

As shown in FIG. 1, a substrate 10 is provided. The
substrate 10 may be a bulk silicon substrate, a germanium
substrate, a gallium arsenide substrate, a silicon germanium
substrate, an indium phosphide substrate, a gallium nitride
substrate, a silicon carbide substrate, or a silicon on insulator
(SOI) substrate. A semiconductor device 12 is disposed on
the substrate 10, a stress layer 14 contacts the semiconductor
device 12, an inter-layer dielectric layer 16 is disposed on
and contacts the stress layer 14, an etching stop layer 18 is
disposed on the and contacts the inter-layer dielectric layer
16, an inter-metal dielectric layer 20 is disposed on and
contacts the etching stop layer 18, a first metal interconnec-
tion 22 and a second metal interconnection 24 are respec-
tively disposed within the inter-metal dielectric layer 20 at
two sides of the semiconductor device 12. An etching stop
layer 26 is disposed on and contacts the inter-metal dielectric
layer 20. A dielectric anti-reflective coating (DARC) 28 is
disposed on and contacts the etching stop layer 26. A bottom
anti-reflection coating (BARC) 30 is disposed on and con-
tacts the DARC 28. A photoresist 32 covers the BARC 30.
A pattern 34 of an air gap is arranged within the photoresist
32. In this embodiment, the semiconductor device 10 is a
transistor including a gate structure 36, a source 38a and a
drain 38b. The source 38a and the drain 3854 are respectively
embedded within the substrate 10 at two sides of the gate
structure 36. The gate structure 36 includes a gate electrode
36a and a gate insulating layer 365 disposed between the
gate electrode 36a and the substrate 10. The gate structure 36
may further include a cap layer 36¢ covering the gate
electrode 36a.

As shown in FIG. 2, the BARC 30, the DARC 28 and the
etching stop layer 26 are etched by taking the photoresist 32
as a mask. Then the photoresist 32 is removed. Now the
pattern 34 of the air gap is transferred into the BARC 30, the
DARC 28 and the etching stop layer 26.
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As shown in FIG. 3, FIG. 7 and FIG. 8, a first thickness
information of an inter-metal dielectric layer 20 is provided.
The first thickness information includes an average of thick-
nesses of the inter-metal dielectric layer at a center portion
C and at an edge portion E of the substrate 10. A predeter-
mined thickness of the inter-metal dielectric layer 20 is also
provided. The predetermined thickness is decided by mea-
suring an average of thicknesses of the inter-metal dielectric
layer 20 at a center portion C and at an edge portion E on a
blanket wafer 100. The blanket wafer 100 refers to a wafer
which is covered by the inter-metal dielectric layer 20 and
the etching stop layer 18 without patterns thereon. A prede-
termined etching time is a time to penetrate both of the
inter-metal dielectric layer 20 and the etching stop layer 18
by an etching process performed to the blanket wafer 100.
The operational parameters of a deposition process for
forming the inter-metal dielectric layer 20 and the etching
stop layer 18 on the blanket wafer 100 are set to form the
inter-metal dielectric layer 20 and the etching stop layer 18
respectively with target thicknesses according to the product
design.

However, please see FIG. 8, when the deposition process
is carried out with the same operational parameters to the
substrate 10, because there are semiconductor devices 12
disposed on the substrate 10, the average of thicknesses of
the inter-metal dielectric layer 20 on the substrate 10 may
differ from the average of thicknesses of the inter-metal
dielectric layer 20 the blanket wafer 100. In this way, the
etching time of etching through the inter-metal dielectric
layer 20 and the etching stop layer 18 on the substrate 10,
and the etching time of etching through the inter-metal
dielectric layer 20 and the etching stop layer 18 on the
blanket wafer 100 may be different. Because the etching stop
layer 18 is thin, the thickness of the etching stop layer 18 on
the substrate 10 and the thickness of the etching stop layer
18 on the blanket wafer 100 can be taken as the same, the
etching time is primarily influenced by the thickness of the
inter-metal dielectric layer 20.

In order to form air gaps with uniformed depths, the
etching time of the inter-metal dielectric layer 20 and the
etching stop layer 18 on the substrate 10 need to be adjusted.
The following description related FIG. 3 illustrates how to
adjust the etching time.

Please still refer to FIG. 3 and FIG. 8, a first etching 40
is performed. The first etching 40 includes etching the
inter-metal dielectric layer 20 and the etching stop layer 18
on the substrate 10 based on a first etching control value
corresponding to the first thickness information. The first
etching control value includes a first operational etching
time and the first operational etching time is set to etch
through (penetrate) both of the inter-metal dielectric layer 20
and the etching stop layer 18 on the substrate 10. In details,
the first etching is 40 performed to etch through the inter-
metal dielectric layer 20 and the etching stop layer 18
between the first metal interconnection 22 and the second
metal interconnection 24 and directly on the semiconductor
device 10. After the first etching 40, the inter-metal dielectric
layer 20 and the etching stop layer 18 are penetrated to form
a trench 42a.

According to a preferred embodiment of the present
invention, the first operational etching time is decided in
accordance with the following rule A, rule B or rule C:

Rule A: if (predetermined thickness—thickness)+predeter-

mined thickness>D %, then first operational etching
time<predetermined etching time;
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Rule B: if (thickness—predetermined thickness)+predeter-
mined thickness>D %, then first operational etching
time>predetermined etching time;

Rule C: if O=absolute value of (thickness—predetermined
thickness)<D %, then first operational etching
time=predetermined etching time.

In this embodiment, D is 5. However, based on different
product designs, D can be adjusted to any positive values.
The term “thickness” in rules A, B and C refers to an average
of thicknesses of the inter-metal dielectric layer 20 at the
center portion C and at the edge portion E of the substrate
10 measured before the first etching 40. Furthermore, when
the first operational etching time is decided by rule A, and
the first etching 40 has an etching rate, then the first
operational etching time=predetermined etching time—{
[(100%-D %)xpredetermined thickness—thickness]+etching
rate}. In other case, when the first operational etching time
is decided by rule B, and the first etching 40 has an etching
rate, then the first operational etching time={[thickness—
(100%+D %)xpredetermined thickness]+etching rate} +pre-
determined etching time.

An example of the first etching 40 is provided as follows.
The first etching 40 is performed by using CF,/CHF; as
etchant gas. The flow rate of CF, is 120 sccm. The flow rate
of CHF; is 350 sccm. The operational temperature is 40
degree Celsius. The etching rate of the first etching 40 is 25
angstroms/second. Furthermore, in this example, the prede-
termined thickness is set to be 2000 angstroms. The prede-
termined etching time is set to be 50 seconds. D is 5. When
the average of thicknesses of the inter-metal dielectric layer
20 at the center portion C and at the edge portion E of the
substrate 10 is 1800 angstroms, in this case, the first opera-
tional etching time of the first etching 40 should follow rule
A. That is, the first operational etching time is smaller than
50 seconds. In details, the first operational etching time=50-
{[(100%~5%)x2000-1800]+25}. Therefore, the operational
etching time is 46 seconds.

If the average of thicknesses of the inter-metal dielectric
layer 20 at the center portion C and at the edge portion E of
the substrate 10 is 2200 angstroms, in this case, the first
operational etching time of the first etching 40 should follow
rule C. That is, the first operational etching time is greater
than 50 seconds. In details, the first operational etching
time={[2200-(100%+5%)x2000]+25}+50. Therefore, the
first operational etching time is 54 seconds. If the average of
thicknesses of the inter-metal dielectric layer 20 at the center
portion C and at the edge portion E of the substrate 10
between 1900 and 2100 angstroms, the operational etching
time is 50 seconds.

As shown in FIG. 4, after the first etching 40, the BRAC
30 is used up, and a second etching 44 is performed to etch
the inter-layer dielectric layer 16 based on a second etching
control value corresponding to the second thickness infor-
mation. The second etching control value includes a second
operational etching time and the second operational etching
time is set such that the inter-layer dielectric layer 16 is
etched to form a trench 426 which does not penetrate the
inter-layer dielectric layer 16. The second thickness infor-
mation includes an average of thicknesses of the inter-layer
dielectric layer 16 at the center portion C and at the edge
portion E of the substrate 10 measured before the second
etching 44 is performed. In detail, second etching 44 is to
etch the inter-layer dielectric layer 16 without etching the
stress layer 14 to form the trench 424. The trench 42a and
the trench 425 are connected to each other and form a trench
42. The trench 42 is within the inter-metal dielectric layer
20, the etching stop layer 18 and the inter-layer dielectric
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layer 16. According to a preferred embodiment of the
present invention, a distance H is disposed between a bottom
of the trench 42 and the stress layer 14 along a direction A
perpendicular to a top surface of the substrate 10, and the
distance H is larger than or equal to 200 angstroms. Accord-
ing to a preferred embodiment of the present invention, the
second etching 44 is performed by using CF, as etchant gas.
The flow rate of CF, is 150 sccm. The operational tempera-
ture is 40 degree Celsius. The etching rate of the second
etching 44 is 30 angstroms/second.

As shown in FIG. 4 and FIG. 5, an insulating layer 46 is
formed to seal the trench 42 to form the air gap 48. The
insulating layer 46 preferably serves as another inter-metal
dielectric layer. Now the method of fabricating an air gap of
the present invention is completed.

According to a preferred embodiment of the present
invention, the stress layer 14 may be silicon nitride. The
inter-layer dielectric layer 16 includes silicon oxide and the
thickness of the inter-layer dielectric layer 16 is between 360
and 440 angstroms. The etching stop layer 18 includes
silicon oxynitride and the thickness of the etching stop layer
18 is between 2150 and 3150 angstroms. The inter-metal
dielectric layer 20 includes fluorinated silicon glass (FSG),
and the thickness of the inter-metal dielectric layer 20 is
between 1150 and 2750 angstroms. The etching stop layer
26 includes silicon nitride, and the thickness of the etching
stop layer 26 is between 360 and 440 angstroms. The DARC
28 includes silicon oxynitride and the thickness of the
DARC 28 is between 270 and 330 angstroms. The insulating
layer 46 includes FSG.

FIG. 6 depicts an air gap formed between metal intercon-
nections, wherein elements which substantially the same as
the elements in FIG. 5 are denoted by the same reference
numerals; an accompanying explanation is therefore omit-
ted. As shown in FIG. 6, the air gap 48 can be formed
between metal interconnections 22/24/50, and there can be
no transistor around the air gap 48.

When an air gap is disposed above a gate structure, and
between the metal interconnections, the parasitic capaci-
tance between the gate structure and the metal interconnec-
tions can be reduced. However, because the thickness of the
inter-metal dielectric layer differs between individual sub-
strate, if the etch of the inter-metal dielectric layer is
preformed based on the thickness of the inter-metal dielec-
tric layer on a blanket wafer, the trench may become too
deep or too shallow. If the trench becomes too deep to
damage the stress layer, the efficiency of the transistor is
deteriorated. Therefore, the present invention provides a
method including etching the inter-metal dielectric layer
based on the thickness of the inter-metal dielectric layer on
respective substrate to make sure the trench is formed at a
suitable depth.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A method of fabricating an air gap, comprising:

providing a substrate, wherein a semiconductor device is

disposed on the substrate, a stress layer contacts the
semiconductor device, an inter-layer dielectric layer is
disposed on and contacts the stress layer, an etching
stop layer is disposed on and contacts the inter-layer
dielectric layer, an inter-metal dielectric layer is dis-
posed on and contacts the etching stop layer, a first
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metal interconnection and a second metal interconnec-
tion are respectively disposed within the inter-metal
dielectric layer at two sides of the semiconductor
device;

performing a first etching to etch the inter-metal dielectric
layer and the etching stop layer between the first metal
interconnection and the second metal interconnection
and directly on the semiconductor device to form a first
trench;

performing a second etching to form a second trench by
etching the inter-layer dielectric layer without etching
the stress layer and without widening the first trench,
wherein the first trench and the second trench form a
trench within the inter-metal dielectric layer, the etch-
ing stop layer and the inter-layer dielectric layer, and
wherein a widest width of the second trench is not
greater than a widest width of the first trench; and

forming an insulating layer to seal the trench to form the
air gap.

2. The method of fabricating an air gap of claim 1,
wherein a distance is disposed between a bottom of the
trench and the stress layer along a direction perpendicular to
a top surface of the substrate, and the distance is larger than
or equal to 200 angstroms.

3. The method of fabricating an air gap of claim 1,
wherein a predetermined thickness is designated to the
inter-metal dielectric layer, a predetermined etching time is
designated to the first etching, the inter-metal dielectric layer
has a thickness which is acknowledged by measuring the
inter-metal dielectric layer before the first etching, and the
first etching is performed under an operational etching time
which is decided in accordance with the following rule A,
rule B or rule C:

Rule A: if (predetermined thickness—thickness)+predeter-
mined thickness>D %, then operational etching
time<predetermined etching time;

Rule B: if (thickness—predetermined thickness)+predeter-
mined thickness>D %, then operational etching
time>predetermined etching time;

Rule C: if O=absolute value of (thickness—predetermined
thickness)<sD %, then  operational etching
time=predetermined etching time, wherein D is a posi-
tive number.

4. The method of fabricating an air gap of claim 3,

wherein D is 5.

5. The method of fabricating an air gap of claim 3,
wherein when the operational etching time is decided by rule
A, and the first etching has an etching rate, then operational
etching time=predetermined etching time-{[(100%-D
%)xpredetermined thickness—-thickness]+etching rate}.

6. The method of fabricating an air gap of claim 3,
wherein when the operational etching time is decided by rule
B, and the first etching has an etching rate, then operational
etching time={[(thickness—(100%+D %)xpredetermined
thickness)]+etching rate}+predetermined etching time.

7. The method of fabricating an air gap of claim 1,
wherein the semiconductor device is a transistor comprising
a gate structure, a source and a drain, the source and the
drain are respectively embedded within the substrate at two
sides of the gate structure.

8. The method of fabricating an air gap of claim 7,
wherein the first metal interconnection contacts the source,
the second metal interconnection contacts the drain, and the
air gap is disposed directly on the gate structure and between
the first metal interconnection and the second metal inter-
connection.
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9. A method of fabricating an air gap, comprising:

receiving a first thickness information of an inter-metal
dielectric layer formed on a substrate and receiving a
second thickness information of an inter-layer dielec-
tric layer formed on the substrate;

performing a first etching including etching the inter-

metal dielectric layer based on a first etching control
value corresponding to the first thickness information
to form a first trench; and

after the first etching, performing a second etching to form

a second trench by etching the inter-layer dielectric
layer without widening the first trench based on a
second etching control value corresponding to the
second thickness information, and wherein a widest
width of the second trench is not greater than a widest
width of the first trench.

10. The method of fabricating an air gap of claim 9,
wherein the first etching control value includes a first
operational etching time and the first operational etching
time is set to etch through the inter-metal dielectric layer and
an etching stop layer.

11. The method of fabricating an air gap of claim 10,
wherein a semiconductor device is disposed on the substrate,
a stress layer contacts the semiconductor device, the inter-
layer dielectric layer is disposed on and contacts the stress
layer, the etching stop layer is disposed on and contacts the
inter-layer dielectric layer, the inter-metal dielectric layer is
disposed on and contacts the etching stop layer, a first metal
interconnection and a second metal interconnection are
respectively disposed within the inter-metal dielectric layer
at two sides of the semiconductor device.

12. The method of fabricating an air gap of claim 11,
wherein the first etching includes etching the inter-metal
dielectric layer and the etching stop layer between the first
metal interconnection and the second metal interconnection
and directly on the semiconductor device.
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13. The method of fabricating an air gap of claim 12,
wherein a second etching is to etch the inter-layer dielectric
layer without etching the stress layer to form a trench within
the inter-metal dielectric layer, the etching stop layer and the
inter-layer dielectric layer.

14. The method of fabricating an air gap of claim 13,
further comprising after forming the trench, forming an
insulating layer to seal the trench to form the air gap.

15. The method of fabricating an air gap of claim 9,
wherein the second etching control value includes a second
operational etching time and the second operational etching
time is set such that the inter-layer dielectric layer is etched
to form the second trench which does not etch completely
through the inter-layer dielectric layer.

16. The method of fabricating an air gap of claim 9,
wherein the first thickness information includes an average
of thicknesses of the inter-metal dielectric layer at a center
portion and at an edge portion of the substrate.

17. The method of fabricating an air gap of claim 9,
wherein the second thickness information includes an aver-
age of thicknesses of the inter-layer dielectric layer at a
center portion and at an edge portion of the substrate.

18. The method of fabricating an air gap of claim 1,
wherein the first etching is performed based on a predeter-
mined thickness of the inter-metal dielectric layer and a
thickness of the inter-metal dielectric layer, the predeter-
mined thickness is decided by measuring an average of
thicknesses of the inter-metal dielectric layer at a center
portion and at an edge portion on a blanket wafer, the
blanket wafer is a wafer which is covered by the inter-metal
dielectric layer and the etching stop layer without patterns
thereon, the thickness is acknowledged by measuring the
inter-metal dielectric layer on the substrate before the first
etching.



